Anderson and Bowser [1986], hereafter referred to as AB, presented a very interesting paper on the study of the role of groundwater in delaying lake acidification in Wisconsin. By considering the input/output of hydrogen ion with respect to the aquifer, including nonconservative transport through the use of the retardation factor, the effect of a delay in the arrival of acid to the lake is demonstrated. A two-dimensional, finite difference flow and random walk transport model, neglecting dispersion, was used to simulate the migration of the acid water through the groundwater system. Also, the temporal changes in lake pH were examined by modeling the lake with both a lumped parameter (well-mixed) model and an equilibrium chemistry model. Thus the lake model mixes inflow from the groundwater to the lake, precipitation on lake surface, and lake water, with the consideration of equilibrium chemical reactions. From their work they concluded that groundwater inflow can mitigate the effect of acid deposition on lake watersheds, as well as the fact that the low ionic strength of the lakes was an important buffer. The scope of this comment is confined only to the issue of modeling the buffering capability of the aquifer. The purpose is to show that an alternate and simpler formulation for the groundwater model is also appropriate for the case study of AB.
for cases of limited data on spatial variation of aquifer properties, or for cases in which temporal variation in mean contaminant concentration is of primary importance. In the study by AB, acid deposition is assumed a uniformly distributed contaminant source in space. Only average output concentrations of hydrogen ion entering the lake are of concern while spatial variations within the groundwater system itself are ignored. Thus a lumped parameter approach is appropriate for this study. The kernel for (6) is simply an exponential decay, and so the solution to (6) with time-dependent groundwater concentration (5) as well as acid rain as input can be obtained by (7) to the aquifer-lake system in Wisconsin, a steady state flow is assumed, and the parameters are given numerical values based on system 1 defined in the paper by AB. These values are summarized in Table 1 . Those values which are not explicitly stated by Anderson and Bowser [1986] were obtained from them by personal communication.
An analytical solution such as (7) will always have one advantage over a numerical solution (AB) in that the system can be understood without performing a large number of simulations, as is necessary in the numerical case. To illustrate this advantage of the lumped parameter model, a first-order sensitivity analysis [Cornell, 1972] Table 1 .
We see that within the first 20 years of lake evolution, the system is most sensitive to lake volume, initial concentration from which the sensitivity decays with time, and recharge concentration from which the sensitivity grows with time. Of secondary significance are the rainfall and groundwater recharge volumes to the lake. The aquifer parameters R, h, L, e, and n are of minor significance. It should be stated that these results only apply to this particular point in parameter space. The sensitivities may be different, should different values for the parameters be considered. Through the lumped parameter analysis, the behavior of a lake-aquifer system in response to increased acid deposition is observed to be the same as in the analysis of AB. Their coni:lusion that "even when chemical reactions are ignored, transit through the groundwater system causes a delay in arrival of acid to the lake and slows the acidification process" thus can be restated here. However, in the previous analysis considerable computational effort must have been expended in obtaining numerical solutions, while the present analysis is accomplishable in a relatively short period of time with a simple hand calculator. Additionally, a quantitative analysis of the sensitivity of' lake response to the aquifer system can be easily obtained through a first-order analysis. Also, the results from numerical models may be subject to numerical errors due to discretization.
Finally, we wish to stress that while the lumped parameter model with well-mixed assumption may not be appropriate for every problem of our interests, the analysis can be done quickly on a hand calculator as an initial approach to complex problems. Through such simple initial analysis, important insight into the design and use of subsequently more complex models may result in some overall conservation of time in the modeling effort.
